in an economic evaluation include the identification, measurement, valuation and comparison of the costs and consequences of the alternatives being considered.
In the context of recreational water, as an example of the more general case to be made for water quality, this chapter looks at the economic evaluation of interventions addressing water contamination by livestock waste. It provides a summary of the concepts underpinning economic evaluation, including economic value, cost-benefit analysis, cost-effectiveness analysis, as well as the methods employed to value costs and benefits. The chapter also includes a brief review of some empirical studies that have sought to estimate the economic value of interventions to improve contaminated recreational bathing waters. This is then followed by a more detailed case study outlining the economic cost-benefit approach, as applied to the bacteriological contamination of recreational bathing waters in the Netherlands.
ECONOMICS, ECONOMIC VALUES AND ECONOMIC EVALUATION OF INTERVENTIONS
Economics is defined as "the science which studies human behaviour as a relationship between ends and scarce means which have alternative uses" (Robbins 1935) . The objective of economics is to maximise human welfare or utility. Thus, it is important that the allocation of resources in society is done as efficiently as possible. In economic terms, an efficient allocation of resources is defined as one that takes advantage of every opportunity to ensure that some individuals will be better off while not making anyone else worse off. Any intervention that sets out to reduce the adverse impacts on water quality and public health of microbial contamination of recreational and other waters by livestock waste will necessitate a reallocation of society's resources. Economists argue that in looking at whether an intervention represents an efficient use of resources, rational management decisions should be based on an informed assessment of the costs of reducing the adverse impacts on water quality and public health, as well as the benefits of reducing them. This requires that we place "economic" values on these elements.
The economic definition of value is a rigorously defined theoretical concept, but one which is also grounded in empirically observed phenomena. Nevertheless, despite its familiarity and role in people's everyday lives, much confusion continues to surround the concept and much abuse is heaped upon it. Economic value is used in welfare economics to assess the efficiency of a proposed change from the point of view of society's welfare. Because human welfare is an intangible concept that cannot be directly measured, economists use a transformation of welfare into a more general single-scale composite indicator, referred to as a numeraire (Pearce 1986) . It is then possible to define economic value very narrowly in terms of economic behaviour in the context of supply and demand. Put simply, it is the maximum amount of goods or services -or equivalent money income -that an individual is willing to forego (willingness to pay -WTP) in order to obtain some outcome that increases his/her welfare. 1 These sums of money are demonstrated or implied by the choices people make, and thus reflect individuals' preferences for the change in question (Pearce 1986) .
In promoting economic evaluation, there is concern that there is too much emphasis on assigning monetary values to aspects of health and the environment that are difficult-if not impossible-to quantify. There is also concern that decisions about health and environmental protection interventions might be made strictly on the basis of whether their quantifiable benefits outweigh their monetized, quantifiable costs.
It should be noted though, that decision-makers will often find it hard to interpret and decide upon health or environmental endpoints that are the subject of interventions. They will generally find it easier to interpret monetary values for the purposes of making decisions about an intervention. Considering the incremental costs and benefits associated with alternative interventions (including: no intervention) can help to clarify the tradeoffs and implications associated with those interventions and help to set priorities.
Economic evaluations can be undertaken at the individual level (e.g. individual farmer), sectoral level (e.g. farming sector) or societal level (e.g. single country or the EU). The perspective taken determines which potential costs and benefits are included in an economic evaluation. Policy decisions related to public health and water are mostly taken from the perspective of society, since such interventions will have an impact on society as a whole. Nevertheless, further boundaries may have to be defined. For example, if an intervention in one country has cross-border impacts that benefit individuals in another country, then the geographical scope of the analysis will determine whether the benefit derived by the latter individuals is included in the economic analysis. It is important to note that in addition to looking at whether an intervention represents an efficient allocation of resources, it may be equally important for the welfare of people to consider how those resources are distributed in society. Costs and benefits may not be borne equally across society. As discussed later, distributional concerns can be accommodated in economic evaluation in a number of ways.
Cost/Benefit analysis
Cost/Benefit Analysis (CBA) provides a systematic assessment of the costs and benefits associated with an intervention. The benefits of an action are contrasted with the associated (opportunity) costs within a common analytical framework. Economic theory defines a benefit as a change that increases human well-being, whilst a cost is defined as a change that decreases human well-being. As described above, and for the purpose of comparison, these increases and decreases in well-being are measured using money as the common denominator. The net benefit of a change is given by the difference between the costs and benefits. Delayed benefits and costs are converted to their present day equivalents through a process called discounting. The change is said to be economically efficient if the present value of net benefits (NPV) is positive, or the ratio of total benefits to total costs (B/C ratio) is greater than one.
In general, the following steps are included in a CBA:
Step 1: Define the objective of the intervention.
Step 2: Define the baseline, that is, what would happen if no action is taken.
Step 3: Define the alternative options to achieve the objective.
Step 4: Quantify the investment costs of each option compared to the baseline.
Step 5: Identify and quantify the positive and negative welfare effects of each alternative option compared to the baseline.
Step 6: Value the welfare effects in monetary terms, using market prices and economic valuation methods.
Step 7: Calculate the present value of costs and benefits occurring at different points in time using an appropriate discount rate.
Step 8: Calculate the Net Present Value (NPV) or Benefit/Cost (B/C) ratio of each alternative option.
Step 9: Perform a sensitivity analysis.
Step 10: Select the most efficient intervention option.
Carrying out a CBA is a multi-disciplinary process, involving expertise from different fields and the input from policy and decision-makers. While economists are involved in all steps, environmental expertise of many kinds is also needed, especially in steps 2, 3 and 5.
Preferably all costs and benefits included in a CBA are quantified in monetary terms. In cases where there is no market for the resource under consideration and hence no market price to reflect its economic value, or where there are non-priced environmental or health effects to be considered, several economic valuation methods are available that allow placing a value on such non-marketed costs and benefits. These are discussed further below. It will hardly ever be possible, however, to monetise all impacts all of the time: those impacts that cannot be monetised are often left out of the analysis. Non-monetised impacts, if considered relevant, can nonetheless be included in a qualitative discussion accompanying the CBA results, as pro memoriam items in the balance sheet or provide the basis for a multi-criteria analysis (Brouwer & van Ek 2004) .
With regards to the distributional issue of who gains and who loses, CBA accommodates such concerns in two main ways: either by portraying the distributional incidence of costs and benefits along with the size of those costs and benefits; or by attaching 'weights' to the benefits and costs accruing to particular groups. The weights implicit in a conventional CBA are those determined by the existing distribution of income and this means that the preferences of the rich may be weighted more heavily than the preferences of the poor. This can be corrected by modifying the implicit weights.
Cost-effectiveness analysis
Cost-effectiveness analysis -CEA (sometimes also known as least cost analysis) is used to identify the most cost-effective option for achieving a pre-set objective or criterion that is not measurable in monetary terms (e.g., some health outcomes). The relevant objective is set, options for achieving it are identified and the most cost-effective option is identified as that with the lowest present value of costs. Where the costs are related to an effect that differs in magnitude between alternative interventions, then the results can be stated in terms of net cost per unit of effect.
Cost-effectiveness analysis is suitable for use in situations where valid and reliable estimation of the benefits of alternative options is not feasible. Instead of attempting to identify and value the benefits, the most cost-effective means of achieving a desired objective is identified. Cost-effectiveness analysis is suited, for example, to situations where clear and defensible health goals exist which can be measured in terms of appropriate units. For example, health goals relating to mortality and morbidity effects of interventions are sometimes combined into single units such as QALYs (Quality Adjusted Live Years), DALYs (Disability Adjusted Live Years), HYEs (Health Years Equivalent), and other health indices. CEA can also be used to identify the most effective option for a fixed amount of funding that has been allocated to achieve a policy objective. The drawback of cost-effectiveness analysis is that it does not identify the benefits of actions or the willingness of society to pay for improvements. For these reasons, CBA is, if practicable, the evaluation approach of choice.
The various steps distinguished in a CEA are described below:
Step 1: Define the objective involved.
Step 2: Determine the extent to which the objective is met.
Step 3: Identify sources of pollution and impacts now and in the future over the appropriate time horizon.
Step 4: Identify measures to bridge the gap between the reference (baseline) and target situation.
Step 5: Assess the effectiveness of these measures in reaching the objective.
Step 6: Assess the costs of these measures.
Step 7: Rank measures in terms of increasing unit costs.
Step 8: Assess the least cost way to reach the objective.
Once again, carrying out a CEA is a multi-disciplinary exercise. A number of approaches are used in practice at varying levels of complexity, scale, comprehensiveness and completeness for carrying out a CEA. These are discussed, for example, in Zhang & Folmer (1998) . A distinction is made between bottom-up and top-down approaches. The bottom-up approach focuses on technological details of measures and their impact on individual enterprises (micro level), whereas top-down approaches usually consider the wider economic impacts of pollution abatement measures and strategies, often without detailed technical specification of the proposed measures (macro level).
Economic evaluation using CBA or CEA involves multiple assumptions and often produces uncertain results. Estimates of the costs and benefits associated with alternative interventions rely on data to the extent that they are available, relevant, and accurate, but also rely on judgments, values, assumptions, and extrapolations. When undertaking economic evaluation, the sources of uncertainty should be identified, characterized, and communicated clearly, for example by conducting a sensitivity analysis. In this respect, reporting on the uncertainties and conducting sensitivity analyses are important components of any evaluation and the presentation of benefits and costs of an intervention should not be expressed as though they are precise measures of actual economic costs and benefits.
It may also be necessary to consider intervention options that differ in the temporal pattern of benefits and costs, or that differ in their duration. It is then necessary to adjust the streams of benefits and costs, using a rate of time preference (discount rate) to yield discounted present values.
We now consider in more detail the methods employed to estimate the value of the costs and benefits associated with changes in water quality and public health.
VALUING THE BENEFITS OF INTERVENTIONS
Regulatory interventions regarding waters contaminated by livestock waste set out to reduce the adverse impacts on water quality and public health. As discussed in Chapter 10, the adverse impacts of contaminated recreational waters consist mainly of human health concerns. This section uses the case of recreational water quality and public health as the context to determine the benefits of interventions aimed at improving the quality of water microbially contaminated by livestock waste.
Human health benefits
The benefits of reducing the human health consequences of degraded water quality as a result of contamination with livestock waste can be calculated in a step-by-step fashion (called a "damage function" approach), where the levels of contamination are associated with health effects and monetary values are associated with reducing risks of these health effects. Quantification of benefits thus requires the identification of well-defined, economically meaningful health effects associated with the contaminant; the change in health effect expected to result from the intervention that reduces exposure to the contaminant; as well as the change in incidence of the health effect in the exposed population. Finally, it is necessary to estimate the economic value of adverse health effects avoided, and multiply this unit value by their reduced incidence in the population to derive the monetised benefits.
The economic consequences of a case of the adverse health effects averted will include:
(1) health-care and medical costs -such as out-of-pocket medical expenses of the affected individual (or family), the opportunity costs of time spent in obtaining treatment, plus, for example, costs paid by the insurance. The individual may be unable to undertake some or all normal chores and thus require additional special care-giving and services not reflected in basic medical costs; (2) work loss -this includes lost personal income, plus lost productivity (irrespective of whether the individual is compensated or not. Whilst some individuals may receive sick pay and hence not perceive any income loss, this is nevertheless a cost to society and in this respect reflects lost productivity); and, (3) other social and economic costs -these include lost opportunities to enjoy leisure activities, discomfort or inconvenience (pain and suffering), anxiety, concern and inconvenience to family members and others. In addition, individuals may engage in defensive and averting expenditures and activities associated with attempts to prevent the health impacts.
The health care costs, plus work loss (consequences 1 and 2), constitute the measure of welfare known as the Cost-of-Illness approach. This seeks to identify the real costs of illness in the form of lost productivity and output and the increase in resources devoted to health care (and hence measures the ex-post or realised damages rather than the ex-ante valuation of WTP at the moment choices are made). Its theoretical legitimacy rests on the assumption that national income is a valid measure of welfare. However, the COI approach can be misleading in that it fails to capture the variety of behavioural responses to illness and to the threat of illness. Furthermore, when evaluating health hazards that strike with some degree of randomness, so that no-one could predict exactly who will actually suffer from the associated risk or benefit from its prevention (as in the case of recreational water health hazards addressed through publicly financed health programmes), then the approach is not appropriate for assessing ex-ante policy decisions. More generally, since the COI approach does not include other social and economic costs it will not reflect the total welfare impact of a cleanup or management intervention. Leaving aside for a moment the issue of how it is measured in practice, the maximum WTP to reduce all the adverse impacts on human health is a comprehensive measure of welfare. It reflects all the reasons for which an individual might want to avoid an adverse effect, including financial and nonfinancial concerns.
A few things should be noted in considering the basic model of valuation regarding human health. First, the welfare of an individual must be related to the health effect, either in terms of actual or perceived health, otherwise no economic benefit is derived. Second, the health endpoints associated with the intervention have to be weighted appropriately in terms of their incidence or probability in a given population, as well as in terms of a factor that reflects the impact or severity of the illness on the welfare of the individual and society. Whether this latter factor reflects the health related quality of life or monetary impact will determine whether the weighting is in terms of disease burden or economic value, respectively. It may also be necessary to consider issues such as the role of time lags between exposure and changes in health status, the duration of illness, or multiple changes in health status that occur concurrently or in a specific sequence. All of these issues can be of importance when undertaking economic benefits valuation.
Other benefits
In addition to dealing with public health concerns, regulatory interventions addressing the contamination of recreational and other waters by microbial pollution from livestock waste may have other benefits with an impact on societal well-being and hence have an economic value. These additional benefits may include, for example, increases in tourism and employment, farm production increases, ecological impacts, and other aesthetic, recreation, amenity, (shell)fish harvesting, drinking-water and non-use improvements.
Tourism expenditures by beach visitors (e.g. food, accommodation, shopping) and employment related to tourism are sometimes perceived as benefits since they may be important for the development of regional coastal economies. However, from a national perspective, they are likely to be transfers, that is, the activities would have taken place elsewhere in the country, and hence there is no net increase in economic activity across the country. Although they can legitimately be added to an economic impact analysis, they should not be included in a cost-benefit analysis unless they represent net economic gains (Loomis & Helfland 2001) .
Interventions to reduce the adverse impacts on water quality and public health from contaminated livestock waste frequently have the potential to result in additional costs for farmers, but these may be countered by reductions in production costs related to animal health. For example, control of pathogens that, apart from a public health impact, also have an impact on animal health, can result in improvements in livestock growth and reproduction abilities.
Other benefits related to marine and wildlife ecology, aesthetics, recreation, amenity and non-use improvements can all be considered legitimate components of the Total Economic Value (TEV) of recreational and other water quality changes and hence should be included in assessments of the benefits of interventions targeting contamination from livestock waste.
Benefit valuation steps
The steps in the economic valuation of benefits are described below:
Step1: Identification of the goods and services (including environment-or health-related aspects) provided by recreational and other waters amenable to robust valuation.
Step 2: Assessment of their provision (target) level, including quality attributes, compared to the baseline (reference) level of provision.
Step 3: Identification of the groups of people in society (users and non-users) who benefit from the goods and services involved or who suffer a loss when they are degraded.
Step 4: Identification of the possible values (use and non-use values) attributed to the goods and services involved by these groups in society.
Step 5: Selection of the appropriate economic valuation method(s).
Step 6: Estimation of the economic value of the change in provision level of the goods and services involved, accounting for substitution and income effects and other contextual factors. Step7: Quantification of the "market size", that is, the total population of beneficiaries over which the economic value is aggregated, accounting for possible distance-decay effects (people living further away may attach less value to the goods and services involved).
Step 8: Estimation of the total economic value (TEV).
Economic valuation methods
The question remains how credible estimates of economic value, as represented by WTP, are derived in the context of goods such as recreational water quality, where there are either no apparent markets or very imperfect markets.
In such situations, various techniques can be used to estimate WTP measures of value. These can be grouped into two basic approaches.
2 "Stated preference" methods rely on data from structured survey questionnaires in which preferences are conveyed via individuals' responses to questions regarding hypothetical markets or choices. "Revealed preference" approaches infer values from individuals' market choices regarding goods which are related to the one being investigated, for example, by looking at expenditure on holidays as a reflection of preferences for higher quality recreational waters. Both revealed preference and stated preference approaches to valuation have been used to investigate changes in recreational water quality in practice.
The principal method under the "revealed preference" approach used to value recreational water quality changes has been the "travel cost" method (Bockstael & McConnell 2006) . In this method, the costs incurred in reaching a recreational site are used as a proxy for the value of recreation. Expenses differ between sites (or for the same site over time) depending on the site characteristics, including water quality. Different approaches exist, with the zonal travel cost model as the most important. This approach is based on aggregate information of travel behaviour of people living in different zones and individual travel cost and random utility models based on individual household travel behaviour. The Travel Cost method can be data intensive, especially when it requires information about individual household travel behaviour and associated travel costs to the site of interest. It is furthermore important to point out that the method derives economic values for recreational water quality based on the assumption that water quality is an important determinant of individual travel behaviour. Advanced models use data about both travel behaviour and associated costs to different sites and their characteristics to predict changes in travel behaviour based on changes in site characteristics.
In the "stated preference" approach two main methods have been used: Contingent Valuation and Choice Modelling. The Contingent Valuation method (Mitchell & Carson 1989; Bateman et al. 2002) uses a questionnaire survey to ask individuals how much they would be willing to pay to have a single, specified change occur. So long as people are able to understand clearly the change being offered, and answer truthfully, this approach is ideal. It measures precisely what the analyst wants to know: the individual's strength of preference for the proposed change expressed through his/her financial commitment. Several practical difficulties arise with this approach, however, and a central issue is whether the intentions people indicate ex ante accurately describe their behaviour ex post, when people face no penalty or cost associated with a discrepancy between the two.
Choice modelling methods are most appropriate when a project or policy affects individual aspects of a resource (Bennett & Blamey 2001) . Data collection is again via a survey consisting of a series of questions; for each, respondents have to make a choice between two or more options. By varying the options in these choices, analysts can see how respondents value the different characteristics (referred to as attributes) that define differing recreational water qualities and beach experiences. This permits valuation of marginal changes in those attributes (e.g. water quality, beach facilities).
Sometimes it is not necessary to initiate a new original valuation study. Existing valuation estimates from previous studies can be used to undertake so-called "benefits transfer". This approach transposes monetary values estimated at one site (study site) to another (policy site). The study site refers to the site where the original study took place, while the policy site is a new site where information is needed about the monetary value of similar benefits. The benefits transferred from the study site could have been measured using any of the stated preference or revealed preference valuation approaches outlined above.
Benefits transfer is still in its infancy, in part because for many environmental policy issues only a limited number of high quality valuation studies have been completed. It has, however, the potential to become a significant and useful estimation approach. The most important reason for using previous research results in new policy contexts is that it saves a lot of time and resources. Applying previous research findings to similar decision situations is an attractive alternative to expensive and time-consuming original research to inform decision-making. Some previous valuation studies relating to recreational water quality that may be used for benefits transfer are discussed below.
Recreational water quality valuation studies
A considerable body of literature of an applied nature has evolved over the past two decades, relevant to the valuation of the benefits of interventions concerning recreational water quality. Most of the studies obtain value measures by utilising some form of travel cost/random utility model, contingent ranking exercise or some form of contingent valuation method survey. Table 12 .1 summarises various studies that have been undertaken internationally on valuing recreational water quality improvements. Derived estimates have been converted to common values in pounds sterling (UK£) at 2006 prices. It is immediately clear that, although few of the studies relate directly to animal waste, the application of the various "revealed preference" and "stated preference" studies to recreational water quality more generally is well established.
Although all estimates are converted into common terms, the range of mean WTP estimates found is quite wide. This can be partly explained by differences in the valuation methods used as these yield theoretically different estimates (Bateman & Jones 2003) , but is also a reflection of the variety of scales or "scope" of water quality changes being considered in different studies. Furthermore, there may also be differences across the studies in the range of benefits examined. For example, while some studies only consider health benefits, others also consider ecological, aesthetic, recreational and amenity improvements. While these differences in study design and remit naturally yield a range of value estimates, some consistent findings emerge, including, most clearly, that individuals hold significant and positive values for improvements in recreational water quality. These values imply substantial aggregate benefits across populations as a whole. 
VALUING THE COST OF INTERVENTIONS
Turning to the opportunity costs of interventions to improve the quality of waters contaminated by livestock waste, these include the value of the goods and services lost by society resulting from the use of resources to comply with and implement such interventions and from associated reductions in output. These costs generally fall under five headings that must be included in social cost analyses (EPA, 2010):
(1) Real-resource compliance costs: these are the direct costs associated with purchasing, installing and operating new pollution control equipment; changing relevant production processes by using different inputs or different mixtures of inputs; and, capturing the polluting wastes and selling or re-using them. (2) Government regulatory costs: these include the monitoring, administrative and enforcement costs associated with regulation. (3) Social welfare losses: these are the losses in welfare associated with the rise in the price (or decreases in output) of goods and services that occur as a result of policy. (4) Transitional costs: these include the value of resources that are displaced because of regulation-induced reductions in production and the private real resource costs of re-allocating those resources. (5) Indirect costs: these other costs include the adverse effects policies may have on product quality, productivity, innovation and changes in markets indirectly affected by the policy.
The challenge in developing an estimate of the social costs of recreational water quality improvements is to consider the markets being affected by the policy, assess the available data and analytical methods and adopt an analytical approach that will yield an estimate suitable for use in CBA.
Measuring costs
There are three general approaches to measuring the costs of interventions, namely an engineering analysis approach, a cost survey approach and econometric estimations of costs (Fearne et al. 2004) . Under the engineering analysis approach the costs of an intervention are estimated for each step of the process involved in implementing the intervention. The approach may, for example, make use of technical details on livestock production in order to estimate the potential changes in the production system or management. If some new additional technical piece of equipment is required to reduce contamination by livestock waste, then the estimated annuities for long term investments of this new equipment, as well as any additional annual variable costs, would be estimated. Engineering cost estimations have the advantage that they are transparent and usually easy to understand. However, the method does require that clearly defined interventions are planned for implementation.
The cost survey approach seeks to measure the costs of interventions through surveys of relevant stakeholders, such as companies or farmers. Although the approach considers how intervention measures have been implemented in practice, it nevertheless suffers from the fact that the quality of any analysis is only as good as the quality of the survey and its responses. In most developed countries, statistics are available for cost prices of, for example, farm inputs, as well as farm-to-gate prices for livestock products. However, data on potential changes of inputs and costs further up or down the livestock food chain may be scarce or not available at all. In addition, the approach can be time-consuming and not applicable where new intervention measures are being proposed, or where other information that is unavailable to survey respondents is required. Nevertheless, expert consultations are often the only way to get information on the potential costs related to interventions.
Finally, econometric estimates can be undertaken, being applied at either individual, sectoral, national or international level. This approach allows for the control of other important variables, as well as effects on trade and spill-overs to other sectors and markets. The approach is data-intensive and can be timeconsuming, depending on the level of sophistication of the model. Another problem is that such datasets may not necessarily collect the specific efforts, costs and outcomes related to the particular improvements that are the subject of the intervention. This then requires that other sources of data or proxies be used to measure such variables, thus reducing their level of validity.
As was the case in organising and presenting measures of the benefits of recreational water quality improvements, it is also necessary when considering social costs to take account of the issues of discounting and uncertainty.
Case Study: The benefits and costs of recreational bathing water quality improvements in the Netherlands
The following case study concerns recreational water quality improvements in the Netherlands. In order to support policy and decision-making regarding the revision of the 1976 EU Bathing Water Directive (BWD) in 2003 and to establish new standards for bacteriological water contamination, the extent and cause of the recreational water quality problem was investigated and measures identified in order to resolve expected future problems. The costs and effectiveness of these measures were estimated and the least cost way to achieve the new standards established. Given the uncertainties involved, these were accounted for explicitly in relation to the sources of bacteriological recreational water contamination, and the costs and effectiveness of identified measures. The socio-economic benefits of the new standards were assessed in a large-scale household contingent valuation survey commissioned by the Dutch National Water Authority under the Ministry of Traffic and Water. A subsequent cost/benefit analysis assessed the economic net benefits of the newly proposed standards. Full details can be found in Brouwer and Bronda (2005) and Brouwer and Deblois (2008) .
Recreational bathing water quality generally consists of the following three main aspects: hygiene, transparency and toxicity as a result of algal blooms. The EU BWD focuses mainly on hygiene, that is, faecal contamination of bathing water originating from humans and animals. The 1976 Directive established nineteen parameters against the then prevailing background of knowledge and experience with water quality problems. In 2002, the European Commission (EC) proposed a reduction in the number of parameters from nineteen to two key microbiological parameters in the new Directive, complemented by visual inspection (algal bloom, oil) and pH measurement in fresh waters. Under the 1976 Directive, three microbiological parameters were monitored: Total Coliforms (TC), Faecal Coliforms (FC) and Faecal Streptococci (FS). The first two parameters (TC and FC) are in the same family of bacteria and have a legally non-binding 'guide value' and legally binding 'threshold value'. The third parameter (FS) only has a 'guide value' for recreational bathing water quality and is therefore measured only incidentally in the Netherlands.
The two indicators retained in the revised Directive are Intestinal Enterococci (IE) and Escherichia coli (EC). An assessment of monitoring results and trends led to the conclusion that microbiological faecal pollution is, in the vast majority of cases, the limiting factor for achieving good recreational bathing water quality. An essential prerequisite of the proposed parameter values is that the level of protection of European citizens is maintained. However, establishing scientifically sound and generally acceptable relationships between concentration levels of polluting substances in water and their impacts on humans, plants and animals is surrounded by many uncertainties as a result of a lack of fundamental scientific knowledge and empirical evidence. The proposed threshold values for the two microbiological indicators IE and EC in the revised BWD were based on available scientific evidence provided by only two epidemiological studies of the relationship between faecal pollution and health impacts in recreational waters. One had been conducted in the United Kingdom and the other in Germany. Based on these two studies the EC proposed a legally binding 'Good Quality' value and 'Excellent Quality' guide value for IE and EC concentrations in recreational bathing waters. The proposed standards were equivalent to a risk of 5 per cent (good quality) and 3 per cent (excellent quality) for contracting gastro-enteritis (GE) and 2.5 per cent (good quality) and 1 per cent (excellent quality) for contracting acute febrile respiratory illness (AFRI). The 1976 BWD guideline values carry a recreational bathing risk of 5 per cent for GE and the obligatory standards a risk of about 12 to 15 per cent.
The proposed new recreational bathing water quality standards for EC and IE were expected to result in a substantial increase in the number of non-complying recreational bathing sites. Under the 1976 Directive, non-compliance was limited to less than 5 per cent of all six hundred officially monitored recreational bathing sites in the Netherlands. The revised standards were expected to result in non-compliance at more than 30 per cent of all recreational bathing sites. Most of these non-complying sites (95%) are inland waters, only a few are coastal recreational bathing locations. At all these sites, measures would have to be taken in order to comply with the new recreational bathing water quality standards. However, before identifying possible measures, the underlying sources of the observed bacteriological contamination at these sites had to be identified first.
In view of the limited time and financial resources available, it was impossible to investigate all non-complying recreational bathing sites in detail. Therefore, a stratified sample of 30 sites was selected from the expected non-complying 170 recreational bathing sites: 27 non-complying freshwater inland locations and 3 non-complying coastal recreational bathing sites. At each of these 30 sites, the potential sources of pollution were identified with the help of a previously developed geographic information system (GIS), which included geo-referenced information about the location of potential pollution sources and relevant pressures such as storm water overflow, marinas, effluent from WWTP and the direct discharge of manure into surface water. Furthermore, a questionnaire was sent to the water managers responsible for the water quality at the 30 recreational bathing locations, asking them to confirm which of the sources identified with the help of the GIS-model they considered responsible for recreational bathing water contamination. The results from this survey were compared with the findings from the GIS model. In those cases where the results did not correspond, follow-up telephone interviews were held with the responsible water managers to find out what really might be causing the problem at a specific site. In some cases, the outcome of these interviews was that a source, which had not been identified before, was added to the list based on the information provided by the water manager. In other cases, the assessment of sources of pollution by the water manager could be dismissed based on available factual data and information about the presence of potential sources.
The sources of bacteriological contamination identified at these 30 sites are presented in Table 12 .2. Given the scientific uncertainties in establishing quantified causal relationships between pollution sources and water quality at the selected recreational bathing sites, an important starting point in the assessment is that each potential source or pathway is considered a factor of influence unless it can be proven not to be. From Table 12 .2 the following six sources were identified at more than 30 per cent of the investigated sites: wastewater from combined stormwater overflow (CSO), wastewater discharge from boats and marinas, bathers and pets at beaches, and bird colonies near recreational bathing locations. The last column in Table 12 .2 shows the number of recreational bathing locations where specific sources of pollution can not be excluded as a determining factor, because it is not possible to prove that they are non-existent. For instance, untreated sewerage can be shown to be a determining factor at one third of all the locations investigated, and cannot be excluded as a determining factor at two-thirds of the locations. Large international rivers 1 0
Source: Brouwer & Bronda (2005) .
Three potential sources identified with the help of the GIS model (discharges from food processing industries, slaughterhouses and non-functioning sanitary facilities at recreational bathing locations) could not be identified at any location. Illegal discharges of animal waste were also suspected but difficult to prove and therefore not mentioned by any of the water managers. They may nevertheless play an important role explaining why sites are contaminated, but the extent to which illegal discharges play a role is unknown.
In order to get an indication of the relative weighted contribution of the different sources to the overall recreational bathing water quality problem the identified sources of pollution were linked to the recreational bathing sites' percentile values with which they exceed the new BWQ standard. A source which contributes ten percent to a 95 th percentile value twenty times higher than the standard is, for instance, considered relatively more important than a source which contributes 100 per cent to a 95 th percentile value twice as a high as the standard. The weighted contribution of the various sources is presented in Figure 12 .1.
Important observations from Figure 12 .1 are, first of all, the high percentage (22%) of non-identified sources of pollution. These include a mix of different pollution sources at or near large flowing surface waters, the exact origin of which is difficult or impossible to determine. Secondly, the large contribution of diffuse sources is remarkable, that is, wastewater discharge from recreational boats (13%), bathers (10%) and bird colonies (11%). This makes it hard if not impossible to identify the exact causes underlying the observed recreational bathing water quality problem as the basis for the subsequent identification of remedial measures. On the basis of the inventory of potential sources of pollution and their pathways, four different types of measures were identified:
• measures targeted at point sources;
• measures aimed at the elimination or relocation of discharges;
• measures targeted at the pathway of bacteriological contamination;
• instruments aimed at changing human behaviour.
Examples of the first type of measures are the upgrading of treatment of effluents from wastewater treatment plants (WWTP), such as enlargement of the existing treatment capacity and/or modifying disinfection techniques, and increasing overflow capacity or the use of individual wastewater treatment systems. Examples of the second type of measures include the connection of unconnected households and plants to the sewer system, the relocation of a WWTP or marina outside the perimeter of a recreational bathing site or the designation of non-grazing buffer zones for cattle along rivers. The third type of measures consists of, for example, hydrological isolation of recreational bathing water through the construction of a dam or refreshment of recreational bathing water at isolated sites with stagnant water. Examples of the fourth type of measures include information and education programmes or signs aimed at changing the behaviour of bathers, recreational boaters and people who walk their dogs near recreational bathing sites, or regulation such as the prohibition of the presence of pets and horses at beaches.
Compared to technical measures, the effectiveness of the latter type of social and economic instruments (e.g. awareness programmes) is less certain. Social instruments are aimed at changing often unpredictable or inconsistent human behaviour. Even with prohibition signs in place, people may still ignore them. Also the use of economic instruments such as fines or penalties faces uncertainty as to what exactly their effect will be as this depends upon public perception of the degree of enforcement, that is, the perceived probability of getting caught, and public attitudes and behaviour towards compliance with rules and laws.
Sets of measures were identified per recreational bathing location and the costs and effectiveness of these measures were estimated on the basis of an existing database. The cost and effect estimations were supplemented with expert judgement and in a few cases additional field research. Refreshment of recreational bathing water (circulation or suppletion 3 ) and disinfection (UV and chloride) of suppleted water are the most frequently proposed measures at one third of all sites investigated, followed by the prohibition of pets and horses (proposed at one quarter of all recreational bathing locations), and the construction of wastewater disposal tanks for recreational boating at marinas. Putting up nets in order to create buffer zones around agricultural land situated along watercourses to prevent cows and sheep to get too close to the waterside (and hence to prevent that their excrements directly enter water courses) is the cheapest measure. The proposed measures mainly refer to recreational bathing sites with standing waters. Coming up with effective measures for sites with flowing waters is difficult as these measures often have to deal with a mix of diffuse sources of pollution. The potential for control at these sites is therefore much lower.
In those cases where sets of measures could be identified (75 per cent of the inland sites and 33 per cent of the coastal sites), the total investment costs amounted to two million euros (€) to reduce pollution for the inland recreational bathing water sites and €360,000 for the coastal recreational bathing water locations. 4 The corresponding annual operating costs were about €360,000 and €23,000, respectively.
The costs to reduce by one colony forming unit (cfu) per litre of water range from €0.8 to €8.4 per year for standing freshwaters and €0.2 to €8.8 per year for flowing freshwaters. 5 The unit costs for a single coastal location are €3.2 per year. Relating the investment and operating costs to the maximum number of bathers counted at the sites during the recreational bathing season in 2001, the annual costs per bather were also calculated. These costs vary from €1 to almost €4.000 per bather per year. On average, these costs are €221 per bather per year for standing recreational bathing water and €1051 per bather per year for flowing freshwater. In the case of coastal recreational bathing water, the estimated costs are €10 per bather per year.
In a final step, the estimated costs were scaled up to national level. This was done by multiplying the estimated costs for the inland freshwater recreational bathing locations with a factor 7, assuming that the 24 randomly selected inland recreational bathing sites are representative for all 167 non-complying recreational bathing sites in the Netherlands. 6 In the case of the coastal recreational bathing water sites, all non-complying sites were included in the analysis, even though no set of measures could be identified for two of the three sites and hence also no costs could be estimated. This results in a total estimated investment sum of €14.5 million and annual operating costs of €2.5 million.
Improving recreational bathing water quality is expected to have significant and substantial recreational benefits. The estimated number of people swimming at non-complying sites on a hot summer day is about 125,000. Most importantly, the health risks of recreational bathing in open waters are expected to be reduced by 50 per cent. In 2002, one in every ten bathers ran the risk of getting one or more of the following health symptoms when recreational bathing water quality standards were not met: infections to eyes, ears and throat and stomach upset (gastroenteritis) such as diarrhoea. Meeting the proposed new recreational bathing water quality standards means that the health risks of recreational bathing would be reduced to one in every twenty bathers. The above mentioned health risks are especially high when swimming, for example, during a hot day directly after heavy rainfall causing storm water overflow at or near recreational bathing locations (i.e. discharge of excess rainwater together with untreated sewerage) or when swimming in standing waters with increased algal blooms during hot weather periods.
Public perception and valuation of improved recreational bathing water based on the new proposed BWQ standards was assessed based on a large scale contingent valuation survey. In December 2002 a questionnaire was sent to 5,000 randomly selected households in the Netherlands. In the questionnaire, households were asked about:
• their recreational bathing behaviour (how often, where);
• their perception of recreational bathing water quality in the Netherlands (distinguishing between freshwater and coastal waters); • whether they ever get ill after swimming in open water and whether they saw a doctor for this; • whether they are aware of and informed about existing recreational bathing water quality standards; • how they feel about being unable to swim in open water during the recreational bathing season; • how urgent and important they believe improving recreational bathing water quality is; • to what extent they are able to relate the information provided in the questionnaire about the new proposed recreational bathing water quality standards and the reduced health risks to themselves; • whether they are willing to pay additional taxation in order to improve recreational bathing water quality in the Netherlands and hence reduce the health risks involved; • their demographic and socio-economic background;
• their ability to answer the willingness to pay question based on the information provided.
More than 1,500 questionnaires were returned (response rate of 31 per cent). Based on the information provided about respondent demographic and socio-economic background (age, household size, education, income), it was concluded that the sample was representative for the whole of the Netherlands. A remarkable finding is that people perceive coastal water quality and inland freshwater quality as being significantly different. The quality of coastal recreational bathing water is perceived higher than the quality of inland freshwater. The same applies when asking respondents how dangerous they believe swimming in coastal and freshwaters is for their health (i.e. health risks as a result of water quality, not drowning risks as a result of for instance currents or collisions with surfers or boats). Coastal waters are judged safer than inland freshwaters. A third of all respondents feel that they are being insufficiently informed about recreational bathing water quality. Half of all respondents feel they are sufficiently informed. Eighty-five per cent of all respondents said that they know that there exist standards for recreational bathing water quality in the Netherlands. A majority of sixty per cent of all respondents is willing to pay extra to improve recreational bathing water quality in the Netherlands and hence reduce the health risks involved. A quarter of all respondents would not mind if they are unable to swim and is also not willing to pay extra to improve recreational bathing water quality. Fifteen per cent have no opinion or are unsure whether they are willing to pay for improved BWQ. The most common reason why people were not willing to pay was that the polluter should pay, followed by reasons like 'I never swim in open water', 'the current situation is good enough' and 'I don't believe that the money will be spent on improving recreational bathing water quality'. The latter reasoning (mistrust that the money will be spent on what it is intended for) are indicative of what are usually called 'protest bidders' in the literature. A large amount of protest to the WTP question can seriously invalidate the research. Thorough pre-testing is an essential prerequisite to produce valid research results in this type of studies. In this study, a total of 138 protest bidders were detected, that is, 8 per cent of the total response. This is considered a reasonable result. Combined with the fact that a majority of 62 per cent indicates that they have no problem answering the WTP question and 75 per cent of all respondents claims that the information provided in the questionnaire is sufficient to answer the WTP question, this supports the validity of the survey.
Those who replied positively to the willingness to pay (WTP) question were subsequently asked whether they are willing to pay every year a specific amount of extra money in general taxation in order to improve recreational bathing water quality and hence reduce the health risks involved. Twelve different money amounts (referred to as 'bid levels' in the literature) were used in a dichotomous choice referendum format. These bid levels, ranging from €1 to €200 per year, were based on extensive pre-testing of the questionnaire and randomly allocated to the randomly selected households. It was furthermore emphasised in the questionnaire that this amount of money will be used exclusively to fund the additional costs of measures to improve recreational bathing water quality and reduce the health risks involved. As expected, the probability of saying 'yes' to a specific bid amount decreases as the bid level increases.
The estimated mean WTP is €35 per household per year (Table 12. 3). A distinction can be made between mean WTP for people who bathe in open water in the Netherlands and people who do not bathe in open water, usually referred to as users and non-users. As expected, non-users are willing to pay, on average, less than users, but are still willing to pay a substantial amount of money (just over €20 per household per year).
Aggregating the overall WTP estimate across the whole population that benefits from improved recreational bathing water quality (6.9 million households), this results in a total economic value of €242 million per year. Aggregating the user value (€41/household/year) across those in the population who actually bathe in open water in the Netherlands (users) (60% of the 6.9 million households in the Netherlands), we get a total economic value of €170 million per year.
If we compare the estimated least costs to achieve the new recreational bathing water standards (€3.3 million per year) with the estimated benefits in terms of public WTP for improved recreational bathing water quality and hence reduced health risks (€170 million per year), it is clear that the annual benefits exceed the estimated annual costs. Discounting the estimated costs over a period of twenty years at the prescribed four per cent discount rate results in a total cost of approximately €50 million. Discounting the estimated benefits over the same time period at four per cent yields a total benefit of €2.4 billion, which is almost fifty times higher than the estimated costs. It was furthermore estimated that approximately 125,000 bathers are protected on a hot summer day at sites that cannot be expected to comply with the new proposed recreational bathing water standards. Based on these findings the conclusion is that it is economically efficient to improve recreational bathing water quality and reduce the health risks involved. However, the pre-feasibility cost-benefit analysis carried out here is surrounded by a number of important uncertainties, requiring careful interpretation of the results. Perhaps the most important source of uncertainty is the reliability of the existing monitoring results and the extent to which non-complying recreational bathing sites face structural or incidental problems of bacteriological contamination. The monitoring data used as the basis for the assessment of future non-compliance of sites is based on two-weekly measurements at the more than 600 sites in the Netherlands. At each site one sample is taken every two weeks. Important factors, which may have caused non-compliance with the new standards, including weather conditions, are not taken into account. It is therefore impossible to assess the nature of non-compliance, that is, structural or incidental, as a result of, for instance, heavy rainfall and storm water overflow the night before the sample was taken.
Another important source of uncertainty is the complex diffuse nature of bacteriological contamination of recreational bathing water, especially flowing waters. The estimated least costs to achieve the new proposed recreational bathing water standards only refer to cost-effective measures that can be taken at about two-thirds of all the non-complying sites (mainly isolated standing waters). In a third of all cases, mainly flowing water systems, no effective set of measures could be identified due to (1) the diffuse nature of the sources of bacteriological contamination (either no source could be identified at all or a mix of diffuse sources were expected to be responsible for non-compliance) and (2) sources which are located outside the sphere of influence of the responsible water manager, such as bacteriological contamination from abroad. More in-depth research is needed to identify which sources exactly are underlying recreational bathing water quality problems and to what extent the problem is a structural and not merely an incidental one, in order to be able to identify adequate measures. Moreover, also the effect of algae and viruses on recreational bathing water quality was not considered in the study, nor was the cost-effectiveness of closing non-complying recreational bathing sites.
With respect to the option of bathing site closure, more research is needed regarding its effect on the number of swimmers visiting these sites (and the possibilities they have to visit other sites nearby) and the economic revenues lost in the associated recreation sector. In a non-published study conducted in 2002, it was estimated that the annual loss of income in retail and catering business and marinas at coastal recreational bathing sites in the Netherlands could add up to between €5 and €8 million if recreational bathing water standards would not be reached.
CONCLUSIONS
This purpose of this chapter has been to consider the economic evaluation of interventions concerned with the contamination of recreational and other waters by microbial pollution from livestock waste. Policy makers and regulators face a number of dilemmas in the regulation of livestock waste contamination of recreational and other waters. Regulators and governments have to balance the public desire for better environmental quality with the opportunity costs of any actions as well as considering the economic impact of policy changes on both those who have to pay the costs of interventions and those responsible for maintaining water quality.
Although the economics of reducing animal derived pathogens and faecal indicator organism loads has not been adequately researched and quantified directly, a parallel exists for recreational waters impacted by a mix of human and animal loads. This chapter has outlined some of the concepts and issues relevant to undertaking a systematic evaluation of costs and benefits, as well as reviewing some of the literature on the application of economic valuation methods to the issue of recreational bathing waters. Given the relative scarcity of resources any decision regarding allocation of resources to the management of livestock wastes implies foregoing something else. Economic analysis and evaluation is an important tool in helping policy makers understand the balance between society's desire for better environmental quality and human health with the costs of actions necessary to achieve this objective.
While health clearly is a 'right', economics establishes the incontrovertible fact that such rights come at a cost. Costs mean sacrificing scarce resources and this in turn implies that something else of benefit could have been secured. What matters is that the decisions about levels of expenditure on preventing and mitigating the effects of livestock contamination of water quality are optimally informed.
Economic analysis can support this process by indicating and providing insight into: the costs and benefits of an intervention; the potential for finding more cost-effective ways of securing a given objective; eliciting the ways in which society values risks so that risk, cost and benefit can be more transparently analysed.
The case study example demonstrates the use of such economic analysis to the case of bacteriological water contamination of recreational bathing waters in the Netherlands. The case study showed how costs and benefits can be estimated in order to help policy makers and regulators decide on whether expenditures on reducing the contamination of recreational waters represent effective and efficient use of resources. Although based on a number of assumptions with a significant degree of uncertainty attached to them, it shows that it is economically efficient to improve recreational bathing water quality and reduce the health risks involved.
Summing up then, economic evaluation should be carried out whenever an intervention is being proposed in order to help policy-makers and stakeholders make an informed decision. Economists and health/environmental scientists need to work together in order to provide more complete economic evaluations. Economists require information on economically meaningful environmental and health effects in order to undertake their evaluations and hence must clearly convey their needs.
At the same time, economists and health/environmental scientists need to be aware of the limitations surrounding their disciplines. Economics merely supports the decision-making process, it does not substitute the decision-making process. The reason economics is relevant is that no society has the resources to pursue any social goal in absolute terms -whether it is health care, environment, crime prevention or education. All such goals entail the use of limited resources. Hence, of necessity, there must be 'trade-offs'. And, reduced to its bare essentials, economics is about the analysis of these trade-offs.
